Why do stem cells exist?
Self-renewing tissues have a differentiation hierarchy such that the stem cells are the only permanent residents of the tissue, and it is in these cells that most cancerous mutations arise. The progeny of the stem cells either remain stem cells or enter a transient proliferating cell population that differentiates to produce the functional cells of the tissue. The reason that this differentiation hierarchy exists has not been established. We show here that alternative hierarchies, in which there would be no stem cells, are feasible and biologically plausible. We show that current evidence from somatic mutation frequencies at both transgenic and endogenous loci implicates cell division in the origin of most somatic mutations. We suggest, therefore, that the existence of stem cells is an evolutionary consequence of a selective pressure to avoid cancer by reducing the number of somatic mutations. The stem cell hierarchy reduces the number of cell divisions of those cells that reside permanently in the tissue, which reduces the number of somatic mutations and thus minimizes the cancer rate. In the small intestine, the existence of stem cells reduces the mutant frequency in the stem cells by about one order of magnitude. Since two or more mutations are required to transform a cell, the protective effect may be 100-fold or more. Similar factors may be expected in other tissues.